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Objectives: To characterise the inflammatory response to vascular surgery and ischaemia/reperfusion (I/R) in man, 
regarding release of inflammatory mediators, recruitment and activation of neutrophils, and their relation to postoperative 
pulmonary function. 
Design: Prospective cohort study. 
Materials and methods: Circulating neutrophil counts and plasma levels of elastase-el-antitrypsin (AT), a neutrophiI 
degranulation product, were measured before and approx. 2.5 h (group 1, n = 19) after elective abdominal aortic surgery, 
and approx. 2.9 h after elective peripheral vascular surgery (group 2, n = 6), together with concentrations of neutrophiI 
agonists, including activated complement (C3a), secretory phospholipase A2 (sPLAg, tumor necrosis factor (TNF-~), 
interleukin (IL)-6, IL-8 and granulocyte colony-stimulating factor (G-CSF). At the time of blood sampling, respiratory 
variables allowing computation of the lung injury score (LIS) were obtained in patients admitted after surgery in the 
intensive care unit (ICU), i.e. all group 1 patients and one group 2 patient. 
Results: Median (range) neutrophil counts rose by 80% (-28-208) and 90% (10-147) in groups 1 and 2, respectively 
(n.s. between groups). The increase (p<O.05) in elastase-~l-AT level was 121% (-5-439) in group 1 and 82% (18-792) 
in group 2 (n.s. between groups). There was a rise (p<O.05) in C3a level by 93% (-42-751) and of sPLA2 level by 68% 
(-40-1400) after surgery for the groups together (n.s. between groups), and the rise of the elastase-~l-AT related to that 
of the C3a levels. IL-6 and G-CSF concentrations increased more in group 1 than 2. The IL-8 concentration i creased in 
group 1 only, and TNF-~ was unchanged in all groups. In ICU patients, the LIS related to the postoperative rise in IL- 
6 level only, even though the rise in plasma concentrations of cytokines interrelated. No patient developed ARDS and all 
survived. 
Conclusions: Vascular surgery and I/R in man activates complement, releases cytokines (except for TNF-e), and induces 
neutrophiI recruitment and degranulation, which may primarily depend on complement activation. In contrast to the 
latter, the release of cytokines may depend on the extent of I/R and may contribute to transient pulmonary dysfunction 
after extensive I/R. 
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Introduction 
Animal studies suggest that ischaemia/reperfusion 
(I/R) induces a transient fall followed by a rise in 
circulating activated neutrophils. This may be as- 
sociated with neutrophil sequestration a d damage of 
local and remote tissues, such as the lungs. Sequestra- 
tion is followed by recruitment of neutrophils, even 
though bone marrow myelopoiesis may be depressed, 
transiently and independently of surgical trauma. 1-8 
Abdominal aortic surgery and clamping/declamping 
of the abdominal aorta in man, resulting in I /R of the 
* Address for correspondence: Dr A.B.J. Groeneveld. 
lower human body and constituting a risk factor for 
pulmonary microvascular injury and the adult res- 
piratory distress yndrome (ARDS), may be the clinical 
counterpart of experimental I/R. 9-12 Indeed, de- 
clamping may be accompanied by transient leuko- 
penia, followed by leukocytosis and elevated 
circulating levels of the neutrophil degranulation prod- 
uct elastase complexed to ~l-antitrypsin (AT). 1°'12'13 In 
addition, plasma from patients subjected to aortic 
surgery-induced I/R, but not to laparotomy alone, 
contains a factor with neutrophil chemotactic and 
activating properties. 11
Studies, mainly performed in experimental nimals, 
suggest that factors contributing to neutrophil-me- 
diated tissue injury after I /R include, either alone or 
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in combination, products of complement activation 
(C3a), phospholipase Aa (sPLA2), and the cytokines 
tumor necrosis factor (TNF-a), interleukin (IL)-6, IL- 
8, and granulocyte colony-stimulating factor (G-CSF), 
many of which are known to be able not only to prime 
or activate neutrophils, but also to induce neutrophilia, 
primarily through neutrophil release from bone mar- 
row. 2'3'8"9'11'12'14-30 Nevertheless, the relative importance 
of the factors involved in the inflammatory response 
to vascular surgery and I /R in man, including that of 
complement activation and release of cytokines uch 
as IL-8, and their relative contribution to the de- 
velopment of remote organ damage, i.e. pulmonary 
dysfunction that may progress to ARDS, are unclear 
in the human studies.  9'12"21'22'24'28'30 Conversely, the patho- 
genesis of the microvascular injury of ARDS leading 
to increased permeability oedema is only partly un- 
derstood. 31-33 
We therefore measured the circulating neutrophil 
counts and elastase-al-AT, before and about 2.5 h after 
extensive and limited I/R, associated with elective 
abdominal aortic and peripheral vascular surgery, re- 
spectively. Circulating levels of neutrophil agonists 
C3a, sPLA2, TNF-a, IL-6, IL-8 and G-CSF and pul- 
monary functional variables were also measured. 
Patients and Methods 
Twenty-five consecutive patients, scheduled for elect- 
ive abdominal aortic (group 1, n = 19) or peripheral 
vascular surgery (group 2, n = 6) were studied. The 
protocol had been approved by the local ethical com- 
mittee and informed consent had been obtained in 
each patient. 
On the day of surgery patients underwent general 
anaesthesia, intubation and mechanical ventilation 
with an O2/air mixture. Tidal volume and frequency 
were adjusted aiming at normocapnia (Evita, Drager, 
Ltibeck, Germany). All patients received therapeutic 
doses of heparin during the operation, antagonised by 
protamine after completion of surgery. Blood losses 
were replaced by packed red cells, albumin and saline 
solutions. All group 2 patients went to the general 
ward after surgery, except for one patient who re- 
mained intubated and artificially ventilated and was 
admitted to the surgical intensive care unit (ICU) 
because of a hypertensive crisis. All group 1 patients 
were admitted to the ICU. In ICU patients, chest 
radiographs were taken shortly after arrival at the 
time blood was sampled for mediator measurements 
and judged by one of the investigators, unaware of 
study results, according to a scoring system where 
0 represents no alveolar consolidations, 1 alveolar 
consolidation in one quadrant, 2 alveolar con- 
solidations in two quadrants, 3 alveolar consolidations 
in three quadrants and 4 alveolar consolidations in 
four quadrants. Arterial blood was sampled for de- 
termination of the PO2 (Coming 278, Corning Medical 
and Scientific, Medfield, Mass., U.S.A.). Ventilatory 
settings were obtained, including the peak and plateau 
pressures, positive end-expiratory pressure (PEEP, 
cm H20 ) and inspiratory 0 2 fraction (EiO2). In the two 
patients pontaneously breathing after the operation, 
with 3 and 5 1 of supplemental 02 via a venturi mask, 
the FiO 2 was  estimated as 0.40 and 0.50, respectively. 
The data allowed calculation of the oxygenation ratio 
(arterial PO2/FiO2) and the static respiratory com- 
pliance (ml cm H20), which was calculated in mech- 
anically ventilated patients from the tidal volume 
divided by the end-inspiratory (i.e. plateau) pressure 
minus PEEP. From the radiographic abnormalities the 
oxygenation ratio, the PEEP level and, in mechanically 
ventilated patients, the static respiratory compliance, 
the lung injury score (LIS) was calculated. 32A LIS 
greater than 2.5 in the absence of clinical evidence for 
overhydration or congestive heart failure is used to 
define ARDS. 3a Patients were cared for, and decisions 
concerning intubation for mechanical ventilation, de- 
tubation, and discharge from the ICU were done by 
the treating physician ot involved in the study. Until 
discharge from the ICU patients were followed by 
daily chest radiographs and evaluation of respiratory 
variables, for clinical signs of ischaemic colitis and 
ARDS, as usually defined. ~2'32 The duration of mech- 
anical ventilation and stay in the ICU were recorded. 
The patients' outcome was followed until hospital 
discharge. 
Blood sampling 
In all patients, blood was taken on the day before the 
operation. In group 1, blood was taken at median 2.5 
(range 1.1-5.8) h after completion of surgery. In group 
2 blood was obtained 2.9 (2.2-3.1)h after completion 
of surgery. Leukocyte counts with cell differentiation 
(Coulter JS, Coulter Electronics, Luton, U.K.) were 
measured and circulating neutrophil counts were cal- 
culated. To assess haemodilution, transferrin plasma 
levels were measured (nephelometry; normal values 
2.2-4.0 g1-1). For measurements of circulating in- 
flammatory mediators, blood samples were cent- 
rifuged for 10 min at 1300 rpm and plasma samples 
were stored at -70°C until assayed. 
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Assays 
Plasma elastase-~l-AT was measured using a radio- 
immunoassay. 12 Briefly, immunoglobulin-enriched 
fractions Of rabbit antiserum against elastase, prepared 
by 50% ammonium sulphate precipitation, were 
coupled to Sepharose beads and suspended in phos- 
phate buffered saline [PBS]-0.1%, w/v,  Tween 20 
[T]-10 mM EDTA. Sepharose suspensions were in- 
cubated with (1:25 dilutions of) plasma samples, 
washed and incubated with 125I-labelled monoclonal 
murine antibody against ~x-antitrypsin. Thereafter, the 
Sepharose beads were washed again and bound radio- 
activity was measured. Levels were expressed as 
ngm1-1, using preformed complexes as standards. 
Normal values are < 100 ng m1-1. 
The C3a was measured by a radioimmunoassay, 12 
in which the binding of 125I-labelled purified C3 to 
anti-C3a antibodies, immobilised onto a solid phase 
(Sepharose), is inhibited by C3a present in plasma 
samples. To prevent interference by native C3, plasma 
samples are incubated with 11%, w/v,  polyethylene 
glycol 6000 and the supernatant is tested. Results were 
expressed as nmol 1-1, with normal values in 32 donors 
ranging between 1 and 5 nmol 1-1. 
Antigen levels of secreted non-pancreatic type II 
phospholipase A2 (sPLA2) in plasma were determined 
by an enzyme-linked immunosorbent assay (ELISA). 
Two different monoclonal antibodies against human 
sPLA2 were used as coating and catching antibodies, 
respectively. Results were compared with those ob- 
tained with culture medium from HepG2 cells stim- 
ulated with human IL-6, as this medium contains a 
significant amount of sPLA2. The amount of sPLA2 in 
this medium was assessed by comparison with puri- 
fied recombinant human sPLA2. The lower limit of 
detection of the ELISA was 0.1ngml 1. Based on 
results obtained with 19 healthy volunteers, levels 
exceeding 5ng m1-1 were considered as elevated. 
IL-6 was measured' by ELISA. 12 ELISA plates were 
coated with the monoclonal antibody CLB IL-6 over- 
night at room temperature (1.5 ggm1-1 in PBS at a 
final volume of 100 gl). Plates were washed 3 x with 
PBS-T. Then, samples diluted in PBS-T-0.2%, w/v,  
gelatin-5 mM EDTA (PTGE), final volume 100 gl, were 
incubated for 2 h at room temperature. The plates were 
then washed (5 x PBS-T) and incubated for I h at 
room temperature with 100 gl of sheep biotinylated 
polyclonal antibodies against human IL-6 in PTGE 
containing normal sheep serum (final concentration of
1%, v/v). Thereafter, the plates were washed with 
PBS-T (5 times) and incubated with streptavidin-poly- 
merised horse radish peroxidase (Jansen Biochimica, 
Beerse, Belgium), 1 to 10 000 diluted in PBS containing 
2%, v/v, cow milk, to prevent aspecific binding. The 
plates were washed five times with distilled water, and 
finally developed with 3,5,3',5'-tetramethyl benzidine. 
Results were related to a dose-response curve obtained 
with recombinant human IL-6 and expressed as 
pgm1-1. The lower detection limit of this assay is 
3 pg ml i. Normal values are <10 pg ml 1. 
IL-8 was measured by an ELISA in which antibodies 
to human recombinant IL-8 (rlL-8; British Bio- 
technology Ltd, Oxford, U.K.) were used. 12 Plates were 
coated with a monoclonal antibody against rIL-8 (CLB 
IL-8) and bound IL-8 was detected by a biotinylated 
monoclonal antibody, according to a procedure similar 
to that described for IL-6. Also in this ELISA, poly- 
merised horse radish peroxidase coupled to strep- 
tavidin was used to amplify the signal. The lower 
detection limit of this assay is <5pgm1-1. Normal 
values are <20 pg ml 1 TNF-~ was measured with a 
sandwich ELISA using two monoclonal antibodies 
raised against recombinant TNF-~ (kindly provided 
by Dr A. A. Creasey, Chiron Corp., Emeryville, CA, 
U.S.A.). The ELISA procedure was further performed 
as described for IL-6 and IL-8. Normal values are 
<40 pg ml 1. Human G-CSF was measured by ELISA 
(R&D systems, Minneapolis, MN, U.S.A.) using a 
monoclonal antibody and an enzyme-linked poly- 
clonal antibody specific for G-CSF. The lower detection 
limit was 39 pg m1-1. Normal values are <78 pg m1-1. 
The intra- and interassay variation coefficients for the 
ELISAs described were <15% and <20%, respectively. 
Statistical analysis 
Data are expressed as median (range). To test for 
changes in variables in groups, the Wilcoxon signed 
rank test was used. To test for differences between 
groups, the Wilcoxon rank sum test was used. For 
correlations, the Spearman rank correlation coefficient 
(rs) was used. A value of p<0.05 was considered 
statistically significant. 
Results 
Table 1 describes the characteristics of the patients, and 
the ventilatory, gas exchange and chest radiographic 
variables at the time of postoperative blood sampling 
in ICU patients. No patient developed ARDS directly 
after surgery or during the ICU stay. One of the group 
1 patients developed ischaemic colitis on the fifth 
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Table 1. Patient characteristics. 
Group 1 (n=19) Group 2 (n=6) 
Age, years 
Sex, number (% / 9 
Type of vessel Iesion 
Aortic clamping, min 
Type of operation 
Prosthesis 
Venous bypass 
Desobstruction 
Mechanical ventilation 
Positive end-expiratory pressure, cm H20 
Arterial POa/inspiratory 02 fraction 
Radiographic score 
Static respiratory compliance, ml cm H20 -~ 
Lung injury score 
Duration of mechanical ventilation, h 
Duration ICU stay, h 
64 (22-76) 
12/7 
Abdominal aortic aneurysm, nine 
Aorto-itiac disease, nine 
Thoracic aortic aneurysm, one 
55 (30-110) 
13 4 
- 1 
6 1 
17 1 
5 (0-13) 0 (n-1) 
341 (182-566) 154 (n = 1) 
0 (0-4) 0 (n = 1) 
58 (39-76) 75 (n = 1) 
0.5 (0-2) 1 (n= 1) 
13 (0-69) 39 (n = 1) 
23 (18-360) 48 (n = 1) 
68 (48-80) 
5/1 
Iliac-femoral disease, one 
Femoralpopliteal disease, five 
Median (range) or number, where appropriate. Group 1 approx. 2.5 h after abdominal aortic surgery; Group 2 approx. 
2.9 h after peripheral vascular surgery. 
Table 2. Humora l  and cel lular mediators.  
Group 1 Group 2 
Complement C3a, nmol 1 1 Before 
After 
Secretory phospholipase A2, ng m1-1 Before 
After 
Tumor necrosis factor, pg m1-1 Before 
After 
Interleukin-6, pg ml 1 Before 
After 
Interluekin-8, pg ml 1 Before 
After 
Granulocyte colony stimulating factor, pg ml i Before 
After 
Leukocyte count, x 1091-1 Before 
After 
Neutrophil fraction Before 
After 
Neutrophils, x 1091 ~ Before 
After 
Elastase-a~-antitrypsin, ng ml -~ Before 
After 
5.0 (2.3-21.0) 4.1 (3.6-5.4) 
7.1 (3.4-30.0) ~ 4.5 (2.5-46.0) 
4.3 (1.4-11.0) 2.5 (2.1-10.0) 
6.6 (1.0-97.0)t 9.9 (1.5-14.0) 
<40 (<40-91) <40 (<40-213) 
<40 (<40-98) <40 (<40-73) 
1 (1-19) ] (1-53) 
145 (41-934)t,:~ 43 (28-163)§ 
1 (1-42) 1 (1-23) 
181 (1-868)t,:~ 6 (1-55) 
24 (11-57) 20 (16-52) 
207 (82-524)t,:~ 59.5 (34-73)§ 
8.5 (5.5-13.7) 7.9 (5.7-10.0) 
10.9 (6.8-18.2)11 11.8 (7.0-15.3)§ 
0.64 (0.50-0.76) 0.66 (0.52-0.71) 
0.83 (0.72-0.92)t 0.79 (0.73-0.92)§ 
5.6 (3.3-12.0) 4.9 (3.0-7.1) 
9.6 (4.9-16.4)t- 9.8 (5.2-11.7)§ 
55 (21-132) 49 (32-63) 
95 (56-387)t 71.5 (44-562)§ 
Before and approx. 2.5 h (Group 1) after abdominal 
vascular surgery; ~p = 0.08 vs. before; t p<0.005 vs. 
II p<0.01 vs. before. 
aortic and approx. 2.9 h (Group 2) after peripheral 
before; :~ p<0.01 Group 1 vs. 2; §p<0.05 vs. before; 
postoperative day. The postoperative course of group 
2 patients was uneventful, except for a hypertensive 
crisis in one. All patients urvived to discharge from 
hospital. 
Inflammatory mediators 
As shown in Table 2, the groups did not differ at 
baseline. The median C3a concentration was within 
the normal range prior to surgery. It tended to rise in 
group 1 (n.s. between groups). The level was elevated 
above normal values in 76% of group 1 and 50% of 
group 2 patients after surgery, so that for the groups 
combined the postoperative increase was significant 
(p<0.05). The sPLA2 increase did not differ among 
groups either, with elevated postoperative l vels in 
63% and 67% of groups 1 and 2 patients, respectively, 
so that for the groups combined the rise was significant 
(p<0.005). The TNF-~ level was elevated above normal 
values in 17-35% of patients in either group, either 
before or after surgery, as the median level did not 
increase. In contrast, the IL-6 level was elevated above 
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normal in all patients after surgery, while the post- 
surgical increase was greater in group 1 than 2. The 
IL-8 level rose in all except for one patient above 10- 
normal values in group 1 (95%), but only in 33% of 
group 2 patients. After surgery, all group 1 patients 
had supranormal G-CSF values early after surgery, 
while 83% of group 2 patients had elevated values. '~, 8 -  
The increase in circulating neutrophils did not differ 
between groups, with appearance of band forms in 
nine (47%) and two (33%) patients of groups 1 and 2, .~ 
respectively. Elastase-~-AT levels increased in each ~ 6 
group, and groups did not differ. The percentage 
increase in elastase-~1-AT level did not differ from the "~ 
percentage increase in circulating neutrophils in each 
group. ~ 4 
2 Haemodilution 
The transferrin concentration decreased in all patients 
except for one of group 2. Transferrin (g 1 1) in group 
1 was 2.61 (1.73-3.48) and 1.30 (0.61-2.34) before and 
after surgery, respectively (p<0.001). In group 2, these 
values were 2.72 (2.55-2.90) before and 1.92 (1.52-2.37) 
g 1-1 after surgery (p<0.05, p<0.01 vs. group 1). Cor- 
rected for transferrin concentration changes, the rises 
in neutrophil numbers, elastase-al-AT and C3a levels 
did not differ among groups. In contrast, the post- 
operative rise in sPLA2, G-CSF, IL,8 and IL-6 levels, 
corrected for changing transferrin levels, was greater 
in group 1 than 2 (p<0.05). 
Relationships 
To get more insight into the mechanism of post- 
operative neutrophil recruitment and activation, cor- 
relations with circulating mediators were calculated. 
For pooled data from groups, the rise in elastase-%- 
AT level did not relate to the rise in neutrophil numbers 
and the latter did not relate to any mediator. In contrast, 
the postoperative (rises in) elastase-~l-AT correlated 
with (rises in) C3a levels (Fig. 1), and not to those of 
any other mediator. For insight into the consequences 
of mediator release, relations to postoperative pul- 
monary variables in patients admitted into the ICU 
were calculated. The postoperative ventilatory, gas 
exchange and radiographic variables (Table 1) did not 
relate to any humoral or cellular mediator except for 
postoperative values and changes over preoperative 
values for IL-6. In fact, rises in IL-6 levels related to 
the oxygenation ratio (rs = -0.68, p<0.01), to the PEEP 
I I I I 
0 2 4 6 8 
Fractional increase inC3a level 
Fig. l. The post/preoperative increase inthe elastase-:zl-antitrypsin 
level related to the increase inthe level of the activated complement 
product C3a. (11) Aortic surgery; (*) peripheral vascular surgery. 
rs = 0.66, p<0.005. 
level (rs=0Yl, p<0.01) and to the LIS after surgery 
(Fig. 2). These relations did not reach statistical sig- 
nificance for IL-8 and G-CSF, even though the cytokine 
plasma levels interrelated. In pooled group 1 and 2 
data, the postoperative (rises in) IL-8 related to (rises 
in) IL-6 levels (rs=0.75 for changes, p<0.001) and G- 
CSF (rs=0.71 for changes, p<0.005), and the latter 
interrelated (rs =0.45 for changes, p<0.05). Except for 
a non-significant correlation between rises in G-CSF 
and IL-6 levels, similar relations were observed in ICU 
admitted patients only. 
Discuss ion  
The neutrophilia observed after vascular surgery, 
which accords with the literature, 4'1°'12 is probably 
caused by release of neutrophils from the bone marrow 
rather than by demargination, i  view of the "left shift" 
observed. 17'I9 It has been demonstrated that injection of 
either activated complement, leukotrienes or cyt0kines 
such as TNF-~, IL-6, IL-8 or G-CSF leads to an im- 
mediate rise of circulating neutrophils with, depending 
on the substance, a peak at 2-12 h and a duration of 
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Fractional increase inIL-6 level 
Fig. 2. The postoperative lung injury score (LIS) directly correlated 
to the post- over preoperative increase ininterleukin-6 (IL-6) level 
in intensive care unit patients: r~=0.68, p<0.01. 
up to 24 h, mainly caused by recruitment from bone 
marrow.  14'15'17'19'2°'25'26 In the absence of a relation be- 
tween circulating levels of agonists and circulating 
neutrophil numbers we may speculate that these fac- 
tors were not involved in the neutrophilia, although 
we cannot exclude the possibility that neutrophil ad- 
herence, offsetting recruitment of neutrophils from 
bone marrow, had obscured a potential relation, or 
that neutrophilia had a multifactorial cause, including 
neurohormonal responses to surgery. For instance, the 
greater ises of circulating IL-6 and G-CSF in group 1 
may indicate that these cytokines were involved in 
neutroivhil recruitment, if the rise in circulating IL-8, 
a neutrophil chemoattractant and activator, 25in the 
group i patients had induced neutrophil sequestration 
in the lungs. Indeed, IL-8 originating from peripheral 
tissues may stiffen circulating neutrophils, which 
subsequently sequestrate in the pulmonary micro- 
circulation. 12'2°'25 In any case, IL-8 cannot be the sole 
cause of neutrophil recruitment in group 1 patients, 
as the neutrophilia in group 2 was not accompanied 
by IL-8 release. Activated complement products 
presumably did' not contribute to post-surgical 
neutrophilia either, as C3a did not relate to the post- 
operative increase in neutrophil numbers. Recruiting 
stimuli may finally include leukotrienes, chemotactic 
substances known to be released uring I /R and able 
to induce bone marrow release and neutrophilia in 
animals. 2'1z The sPLA2 liberates arachidonic acid from 
phospholipids, the rate limiting step for production of 
prostaglandins and leukotrienes. 2'7'~7 There are some 
data to suggest hat increased release plays a role in 
the inflammatory response during human sepsis or 
trauma. 27'28 The equal rise in sPLA2 among groups may 
favour, but lack of a relationship with postoperative 
neutrophilia may disfavour, sPLA2-derived leuko- 
triene-induced neutrophilia in our study. 
In accordance with the literature, elastase-~l-AT 
levels were elevated after I/R-associated vascular sur- 
gery, pointing to neutrophil activation. 7'12'26'38 This 
agrees with animal experiments showing activation of 
circulating neutrophils, persisting for at least 24 h after 
I /R .  6'7 The lack of a relation between elastase-~l-AT 
levels and neutrophilia suggests that degranulation is 
caused by a factor other than recruitment. That the 
elevated elastase-~l-AT level may be caused by con- 
tinued production by neutrophils after the operation 
can be inferred from the kinetics of a bolus injection 
of preformed complexes in healthy volunteers, ex- 
hibiting a plasma half-life of about I h. ~3 Together with 
the known rapid clearance of activated complement 
products within minutes from the circulation, ~4 our 
data may thus indicate persistent complement ac- 
tivation and neutrophil degranulation after vascular 
surgery. The suggestion by our study that complement 
activation may be involved in the activation of circu- 
lating neutrophils after I /R in man is supported by 
some experimental and clinical studies, but not by 
others. 3'9'28'3° However, neutrophilproteases areable to 
cleave complement, so that we cannot exclude the 
possibility that complement activation was secondary 
rather than primary to neutrophil activation. Likely 
candidates for complement activation after I /R include 
02 free radicals, generated by xanthine-oxidase during 
reperfusion and damaging cell membranes, releasing 
sPLA2 and leukotrienes. 2'7'27 Indeed, prior inhibition of 
sPLA2 prevents I/R-induced neutrophil activation and 
organ damage in animals. 7A lack of relation between 
postoperative sPLA2 and C3a levels may argue against 
complement activation by sPLA2 or derivates, how- 
ever. Conversely, primary activation of neutrophils by 
sPLA2 seems unlikely in the absence of a relation 
between circulating elastase-~-AT and sPLA2, but we 
cannot exclude the possibility that the I/R-induced 
release of sPLA2 and derivates in all groups contributed 
to neutrophil priming, as is known from the liter- 
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ature, a'7'a7 and thereby enhanced the response to ac- 
tivated complement. In spite of the potential of IL-8 
to activate neutrophils, particularly if primed, ls'22'a6 our 
data disfavour this mechanism in our patients, as IL- 
8 did and elastase-%-AT levels did not differ among 
groups. Other products of mononuclear cells such 
as TNF-~, IL-6, and G-CSF may activate or prime 
neutrophils through an increase in complement re- 
ceptor density, amongst others, to release lastase upon 
stimuli such as activated complementJ 6As'26'29'35 Again, 
the similar rise in elastase-%-AT but greater ise in IL- 
6 and G-CSF levels in group 1 than in group 2 would 
disfavour such mechanism in our patients. 
Our data are nevertheless in agreement with the 
idea that cytokines, including IL-8 and IL-6, which are 
liberated after extensive vascular surgery play a role 
in the pathogenesis of I/R-induced pulmonary dys- 
function via microvascular sequestration a d damage 
by neutrophils primed by activated ~:omplement. 4'3~ 
This would support some studies uggesting that com- 
plement activation by itself is not the central event in 
the pathogenesis of pulmonary dysfunction and 
ARDS, even after major vascular surgery. 12'28'31-33 That 
the levels of IL-6, which may be a less potent neutrophil 
activator than IL-8, better elated to pulmonary func- 
tional variables after surgery than IL-8, may confirm 
observations by others indicating that of all cytokines, 
IL-6, as an "alarm" cytokine, best predicts and parallels 
the disease course in various conditions, including 
ARDS.  a1'24'30'32'33 In any case, the postoperative course 
in the majority of our elective patients was relatively 
uneventful, so that the predictive value of the mediator 
changes observed remains unclear. The clinical im- 
plications of our findings may finally include dimin- 
ished ability of neutrophils to respond to bacterial 
products. In fact, intravascular neutrophil priming or 
activation by complement products, for instance, could 
inhibit subsequent neutrophil chemotaxis, oxidative 
and opsonic capacity through a humoral factor and 
thereby increase the risk for sepsis, as described in 
traumatised and postoperative patients. 3941 This mech- 
anism may further enhance the risk for ARDS and 
multiple organ failure after abdominal aortic surgery. 24 
Although the TNF-~ levels did not increase after 
vascular surgery, we cannot exclude the possibility 
that haemodilution may have obscured a postoperative 
rise. That TNF-~ may play a role in experimental lung 
injury after gut and limb I /R and that blood levels of 
TNF-~, like those of IL-6, may be elevated for 3 days 
after elective abdominal aortic surgery in man has 
been demonstrated in some studies, 8'22 although in 
other studies TNF-~ levels remained below detection 
in both portal and systemic blood, or did not in- 
crease. 12'24'3°'31 We did not measure IL-113, which is 
sometimes released shortly after abdominal aortic sur- 
gery in man, and is one of the products released 
by monocytes after hypoxia/reoxygenation that may 
induce neutrophilia. 19'al'a4 The greater ise in IL-6, IL- 
8 and G-CSF levels after aortic rather than after peri- 
pheral vascular surgery is in line with the hypothesis 
that the stimulus for cytokine release depends on the 
severity of I/R. 21 Otherwise, the inter-relations between 
circulating IL-6, IL-8 and G-CSF may point to similar 
stimulus, cell type, or combinations for release of these 
cytokines, rather than liberation of one substance by 
the other. 36 Likely mechanisms include stimulation of 
mononuclear nd endothelial cells by xanthine-oxidase 
derived 02 free radicals in the region affected by I/ 
R. 1a'13'37 The release of IL-8 disconcordant with TNF-~ 
in group i agrees with the literature that mononuclear 
and endothelial cells can secrete IL-8 upon hypoxia/ 
reoxygenation, without or independently of TNF-~ 
and IL-113, and possibly mediated by Oa free radi- 
cals. 23'37 Although I /R may damage the gut mucosa 
and thereby promote translocation of gut-derived 
endotoxins into the portal and systemic irculation, 
cytokine levels after I /R do not relate to endotoxemia, 
and gut I/R-associated local and remote tissue injury 
is not ameliorated by prevention of systemic en- 
dotoxemia. 5'21'aa In man, the phenomenon may be rare 
and may result in only low levels of endotoxin in 
systemic b lood .  21"22 The low frequency of clinically 
evident intestinal mucosal damage and ischaemic ol- 
itis may also argue against a major role of translocated 
endotoxin in the mediator elease and neutrophil re- 
sponse after aortic surgery in our patients. Finally, 
complement activation may promote cytokine release 
by mononuclear cells, at least in vitro. 25 The unchanged 
TNF-~ levels, however, disfavour such mechanisms, 
as complement-induced IL-8 release is usually ac- 
companied by liberation of other cytokines as well. as 
Moreover, the lack of a relation between cytokine 
release and complement activation would not favour 
such mechanism. 
Our study had some limitations, because serial 
measurements during and shortly after sur- 
gery 9'21'22'24'3° were not obtained. Our goal, however, 
was to characterise the postoperative inflammatory 
reaction, the interrelations between time-matched 
cellular and humoral mediators and their relation to 
postoperative pulmonary function as a function of 
the extent of I/R. The duration of the inflammatory 
response remains obscure, although animal and clin- 
ical studies suggest persistent neutrophilia and el- 
evated elastase-~-AT levels on the first postoperative 
day after extensive I /R .  6'12'a4 Finally, we cannot com- 
pletely exclude the possibility that surgical trauma 
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rather than the I /R  contr ibuted to the postoperat ive 
neutrophi l ia  nd  degranulat ion.  3s This is in contrast 
to the cytokine release, which seemed to depend on 
the extent of I /R.  
In conclusion, our results suggest hat vascular sur- 
gery-associated I /R  in man may, independent ly  from 
haemodi lut ion,  activate complement ,  release cytokines 
(except for TNF-~), and induce neutrophi l  recru i tment  
and  degranulat ion.  A l though the pathogenesis  of 
neutrophi l  recru i tment  may be multi factorial ,  the de- 
granulat ion may be pr imar i ly  caused by activated 
complement  products.  In  contrast o activated com- 
p lement-re lated neutrophi l  degranulat ion,  the release 
of cytokines may depend on the extent of I /R  and  
may contr ibute to transient postoperat ive pu lmonary  
dysfunct ion after extensive I /R.  
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